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Objective:  To  quantify  the  impact  of  fibrinogen- 
containing  cryoprecipitate  in  addition  to  the  antifibri- 
noiytic  tranexamic  acid  on  survival  in  combat  injured. 

Design:  Retrospective  observational  study  comparing  the 
mortality  of  4  groups:  tranexamic  acid  only,  cryoprecipitate 
only,  tranexamic  acid  and  cryoprecipitate,  and  neither  tranex¬ 
amic  acid  nor  cryoprecipitate.  To  balance  comparisons,  pro¬ 
pensity  scores  were  developed  and  added  as  covariates  to 
logistic  regression  models  predicting  mortality. 

Setting:  A  Role  3  Combat  Surgical  Hospital  in  south¬ 
ern  Afghanistan. 

Patients:  A  total  of  1332  patients  were  identified  from 
prospectively  collected  UK  and  US  trauma  registries  who 
required  1  U  or  more  of  packed  red  blood  cells  and  com¬ 
posed  the  following  groups:  tranexamic  acid  (n=148), 
cryoprecipitate  (n=168),  tranexamic  acid/cryoprecipi- 
tate  (n=258),  and  no  tranexamic  acid/cryoprecipitate 
(n=758). 

Main  Outcome  Measure:  In-hospital  mortality. 

Results:  Injury  Severity  Scores  were  highest  in  the  cryo¬ 
precipitate  (mean  [SD] ,  28.3  [  15.7] )  and  tranexamic  acid/ 


cryoprecipitate  (mean  [SD],  26  [14.9])  groups  com¬ 
pared  with  the  tranexamic  acid  (mean  [SD],23.0  [19.2]) 
and  no  tranexamic  acid/cryoprecipitate  (mean  [  SD  ] ,  2 1 . 2 
[18.5])  (P  <  .001)  groups.  Despite  greater  Injury  Sever¬ 
ity  Scores  and  packed  red  blood  cell  requirements,  mor¬ 
tality  was  lowest  in  the  tranexamic  acid/cryoprecipitate 
(11.6%)  and  tranexamic  acid  (18.2%)  groups  compared 
with  the  cryoprecipitate  (21.4%)  and  no  tranexamic  acid/ 
cryoprecipitate  (23.6%)  groups.  Tranexamic  acid  and 
cryoprecipitate  were  independently  associated  with  a  simi¬ 
larly  reduced  mortality  (odds  ratio,  0.61;  95%  Cl,  0.42- 
0.89;  P=.01  and  odds  ratio,  0.61;  95%  Cl,  0.40-0.94; 
P=  .02,  respectively).  The  combined  tranexamic  acid  and 
cryoprecipitate  effect  vs  neither  in  a  synergy  model  had 
an  odds  ratio  of  0.34  (95%  Cl,  0.20-0.58;  PC. 001),  re¬ 
flecting  nonsignificant  interaction  (P=.21). 

Conclusions:  Cryoprecipitate  may  independently  add 
to  the  survival  benefit  of  tranexamic  acid  in  the  seri¬ 
ously  injured  requiring  transfusion.  Additional  study  is 
necessary  to  define  the  role  of  fibrinogen  in  resuscita¬ 
tion  from  hemorrhagic  shock. 
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Hemorrhage  resultant 
from  vascular  disruption 
remains  the  predominant 
cause  of  preventable 
battlefield  mortality1,2  and 
the  leading  cause  of  preventable  death  in  ci¬ 
vilian  trauma.3'3  Acute  traumatic  coagulop¬ 
athy  is  associated  with  a  4-fold  increase  in 
mortality  and  is  characterized  by  both  an¬ 
ticoagulation  and  fibrinolysis.6  Fibrinoly¬ 
sis  is  a  key  protective  or  regulatory  mecha¬ 
nism  that  prevents  the  extension  of  formed 
clot  beyond  the  site  of  injury7  but  may  be¬ 
come  pathologic  following  injury  and 
shock.8  When  present  in  the  setting  of 
trauma,  excessive  fibrinolysis  (ie,  hyperfi- 
Author  Affiliations  are  listed  at  brinolysis)  is  associated  with  a  mortality  rate 

the  end  of  this  article.  of  48%  to  100%.9'12 


Treatment  with  antifibrinolytic  agents 
has  been  shown  to  reduce  mortality  follow¬ 
ing  trauma  in  civilian  and  military  set¬ 
tings.13  The  prospective  CRASH-2  trial  dem¬ 
onstrated  lower  mortality  from  hemorrhage 
in  civilian  patients  randomized  to  receive 
tranexamic  acid  (4.9%  vs  5.7%;  P=  .008). 14 
Subsequently  the  Military  Application  of 
Tranexamic  Acid  in  Trauma  Emergency  Re¬ 
suscitation  (MATTERs)  study  showed  a 
6.5%  absolute  reduction  in  mortality  in 
those  receiving  tranexamic  acid  following 
wartime  injury.13  An  unexpected  but  im¬ 
portant  observation  from  MATTERs  was  the 
greater  volume  of  cryoprecipitate  received 
by  the  tranexamic  acid  cohort. 

Cryoprecipitate  is  a  rich  source  of  fi¬ 
brinogen,  which  is  the  first  coagulation  fac- 
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tor  to  be  exhausted  in  major  bleeding16  and  observa¬ 
tional  studies  have  shown  a  reduction  in  mortality  in 
trauma  patients  receiving  this  factor  during  massive  trans¬ 
fusion.1718  Traditionally,  cryoprecipitate  has  been  ad¬ 
ministered  late  in  the  course  of  component-based  resus¬ 
citation  after  the  use  of  packed  red  blood  cells  and  plasma. 
However,  recent  evidence  has  increased  interest  in  the 
early  administration  of  cryoprecipitate  and  resulted  in 
calls19  for  prospective  studies  on  the  use  of  purified 
fibrinogen.20 

Despite  the  intuitive  rationale  for  replacing  depleted 
fibrinogen  while  inhibiting  fibrinolysis  in  the  setting  of 
trauma,  to  our  knowledge,  there  have  been  no  studies 
investigating  this  therapeutic  strategy.  The  objective  of 
this  MATTERS  II  study  was  to  examine  the  effect  on  mor¬ 
tality  of  cryoprecipitate  administered  alone  and  in  con¬ 
junction  with  tranexamic  acid  as  part  of  component- 
based  resuscitation  following  wartime  injury. 


METHODS 


STUDY  DESIGN  AND  INCLUSION  CRITERIA 

This  is  a  retrospective  cohort  study  on  prospectively  gathered 
injury,  injury  management,  and  outcomes  data  on  combat  ca¬ 
sualties  in  the  US  and  UK  Joint  Theater  Trauma  registries.  Pa¬ 
tients  were  treated  between  March  1 , 2006,  and  March  3 1 , 20 1 1 , 
at  the  field  hospital  at  Camp  Bastion,  Helmand  Province,  Af¬ 
ghanistan,  and  received  at  least  1  U  of  packed  red  blood  cells 
following  wartime  injury.  Permission  for  the  study  was  ob¬ 
tained  from  the  UK  Joint  Medical  Command  Research  Pillar 
and  the  US  Army  Medical  Research  and  Material  Command. 

TREATMENT 

The  medical  treatment  facility  at  Camp  Bastion  has  the  equiva¬ 
lent  facilities  to  a  US  level  I  trauma  center.  Transfusion  strat¬ 
egies  have  evolved  over  the  study  period  toward  a  coherent  dam¬ 
age  control  resuscitation  strategy  summarized  in  clinical  practice 
guidelines.21'22  This  included  the  prehospital  administering  of 
packed  red  blood  cells  and  plasma  in  critical  casualties  on  he¬ 
licopter  retrievals  in  the  study’s  final  24  months.  However,  the 
use  of  tranexamic  acid,  cryoprecipitate,  and  recombinant  fac¬ 
tor  Vila  was  left  to  the  treating  physician’s  discretion  during 
the  initial  part  of  the  study. 

A  unit  of  cryoprecipitate  administered  in  this  study  was 
pooled  from  10  donors  with  a  fibrinogen  concentration  of  around 
15  g/L.23  This  is  in  contrast  to  fresh  frozen  plasma,  which  has 
a  concentration  of  around  2.5  g/L.24  Tranexamic  acid  was  ad¬ 
ministered  as  a  bolus  of  1  g  intravenous,  followed  by  further 
doses  at  the  clinician’s  discretion. 

STUDY  GROUPS 

Patients  were  identified  from  the  UK  and  US  Joint  Theater  Trauma 
registries  and  data  included  demographic  details,  injury  char¬ 
acteristics,  resuscitation  requirements,  and  mortality.  Coalition 
military  personnel  including  US  and  UK  troops  were  desig¬ 
nated  as  North  Atlantic  Treaty  Organization  and  all  patients  of 
Afghan  origin  were  designated  Host  Nationals.  The  study  popu¬ 
lation  was  divided  into  4  cohorts:  casualties  who  received  cryo¬ 
precipitate  but  not  tranexamic  acid,  casualties  who  received 
tranexamic  acid  but  not  cryoprecipitate,  those  who  received  both 
tranexamic  acid  and  cryoprecipitate,  and  patients  who  received 
neither  tranexamic  acid  nor  cryoprecipitate  as  part  of  their  re¬ 


suscitation.  Injury  pattern  and  severity  were  described  using  Ab¬ 
breviated  Injury  Scale  scores.25  Severe  injury  to  a  body  region 
was  defined  as  an  Abbreviated  Injury  Scale  score  of  3  or  greater. 
Abbreviated  Injury  Scale  scoring  was  also  used  to  calculate  an 
Injury  Severity  Score,  ranging  from  1  to  75,  where  a  higher  score 
represents  a  greater  burden  of  injury.26 

END  POINT 

The  primary  end  point  of  the  study  was  mortality.  For  North 
Atlantic  Treaty  Organization  casualties,  who  were  tracked 
through  all  stages  of  care,  mortality  was  defined  as  death  within 
30  days  of  wounding.  For  Host  National  casualties,  who  were 
discharged  into  their  indigenous  health  care  system  when  clini¬ 
cally  appropriate,  mortality  was  defined  as  death  prior  to  dis¬ 
charge  from  the  medical  treatment  facility  (ie,  in-hospital 
mortality). 

STATISTICAL  ANALYSIS 

Parameters  were  compared  across  the  4  treatment  cohorts  by 
analysis  of  variance  for  continuous  measures  and  logistic  re¬ 
gression  for  proportions.  A  pair  of  propensity  scores  that  con¬ 
tributed  to  selection  for  tranexamic  acid  and  cryoprecipitate 
treatments  were  developed  using  previously  described  meth¬ 
ods.27'28  The  first  score  was  developed  without  regard  to  the  num¬ 
ber  of  missing  values  of  variables  related  to  the  treatment  choice. 
The  second  score  included  only  variables  with  less  than  30  miss¬ 
ing  values.  The  C  statistic  was  used  as  a  measure  of  how  well 
either  score  discriminated  between  groups  (closer  to  1.00  in¬ 
dicates  better  discrimination).  The  score  with  the  highest  C  sta¬ 
tistic  was  selected  to  alleviate  confounders  estimating  the  as¬ 
sociation  of  each  treatment  with  mortality. 

When  developing  the  scores,  in  recognition  of  temporal 
changes  in  transfusion  practice,  admission  date  was  specifi¬ 
cally  included  in  the  regression  modeling.  Furthermore,  par¬ 
ticular  attention  was  paid  to  balancing  for  noncryoprecipitate 
blood  components  and  when  there  were  significant  differ¬ 
ences,  further  scores  were  developed  to  ensure  that  any  im¬ 
portant  interactions  were  recognized. 

The  selected  propensity  scores  were  then  used  as  adjust¬ 
ments  in  nonordinal  polytomous  logistic  regression  for  pro¬ 
portions  and  analysis  of  covariance  for  continuous  measures 
as  an  aid  to  assess  the  balance  between  groups.  The  selected 
propensity  scores  were  also  added  as  covariates  to  logistic  re¬ 
gression  models  predicting  mortality  with  treatments  as  pre¬ 
dictors  to  identify  the  isolated  contribution  of  tranexamic  acid, 
cryoprecipitate,  and  the  combination  of  tranexamic  acid  and 
cryoprecipitate  to  mortality.  Analyses  were  performed  using  SAS 
version  9.2  (SAS  Institute  Inc). 


RESULTS 


PATIENT  COHORT  AND  PROPENSITY 
SCORE  SELECTION 

Over  the  5-year  period,  1332  patients  required  at  least  1 
U  of  red  blood  cell  concentrate  as  part  of  their  resusci¬ 
tation  following  combat  injury.  The  baseline  character¬ 
istics  of  the  4  cohorts  are  shown  in  Table  1 .  As  part  of 
resuscitation,  11.1%  (n=148)  of  the  cohort  received 
tranexamic  acid  only,  12.6%  (n=  168)  received  cryopre¬ 
cipitate  only,  19.4%  (n  =  258)  received  both  tranexamic 
acid  and  cryoprecipitate,  and  56.9%  (n  =  758)  received 
neither  treatment. 
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Table  1.  Comparison  of  Demographic,  Prehospital,  Mechanistic,  and  Physiological  Data  Across  Groups  Preadjustment 
and  Postadjustment  for  Propensity  Scoring 

No 

■  (%) 

P  Value3 

P  Value1 

TXA 

(n  =  148) 

CRYO 
(n  =  168) 

TXA/CRY0 
(n  =  258) 

No  TXA/CRY0 
(n  =  758) 

Demographic  data 

Age,  y,  mean  (SD) 

24.2  (11.7) 

24.9  (8.7) 

24.7  (7.8) 

23.6(1.6) 

.42 

.61 

Male 

143  (96.6) 

161  (95.8) 

251  (97.3) 

710(93.7) 

.08 

.57 

Host  National 

82  (55.4) 

63  (37.5) 

100  (38.8) 

431  (56.9) 

<.001 

.23 

NATO  military 

66  (44.6) 

105  (62.5) 

158  (61.2) 

327  (43.1) 

Prehospital 

Physician-led  retrieval 

72  (48.6) 

74  (44.0) 

139  (53.9) 

235  (31.0) 

<.001 

.32 

Prehospital  blood  use 

33  (22.3) 

21  (12.5) 

87  (33.7) 

55  (7.3) 

<.001 

.88 

Mechanism  of  injury 

GSW 

48  (32.4) 

41  (24.4) 

42  (16.3) 

281  (37.1) 

<.001 

.23 

Explosion 

95  (64.2) 

123  (73.2) 

214  (82.9) 

429  (56.6) 

Other 

5  (3.4) 

4  (2.4) 

2  (0.8) 

48  (6.3) 

Admission  physiology 

GCS  score  <8 

59  (55.1) 

54  (42.5) 

139  (72.0) 

180  (3.2) 

<.001 

.001 

SBP  <90  mm  Hg 

19(14.6) 

38  (25.7) 

68  (3.6) 

146  (21.6) 

.003 

.14 

Mortality 

In-hospital 

27  (18.2) 

36  (21.4) 

30(11.6) 

179  (23.6) 

.001 

.001 

Abbreviations:  CRYO,  cryoprecipitate;  GCS,  Glasgow  Coma  Scale;  GSW,  gunshot  wound;  NATO,  North  Atlantic  Treaty  Organization;  SBP,  systolic  blood 
pressure;  TXA,  tranexamic  acid. 

a  Unadjusted  P  values  by  x2  test  for  proportions  or  analysis  of  variance  for  continuous  variables. 

b  Following  propensity  score  adjustment  by  logistic  regression  for  proportions  or  analysis  of  covariance  for  continuous  variables. 


The  C  statistics  for  the  propensity  scores  were  as  fol¬ 
lows:  tranexamic  acid  with  missing  data:  C  =  0.873; 
tranexamic  acid  all  data:  C  =  0.850;  cryoprecipitate  with 
missing  data:  C  =  0.944;  and  cryoprecipitate  all  data: 
C  =  0.945.  Because  missing  data  were  not  significantly 
associated  with  treatment  choice,  we  concluded  it  rea¬ 
sonable  to  assume  that  excluding  cases  with  missing  data 
would  not  introduce  bias.  Thus,  the  propensity  scores 
were  developed  using  subjects  with  no  missing  data,  which 
meant  excluding  412  patients  with  missing  physiologi¬ 
cal  parameters  and  26  patients  with  missing  Injury  Severity 
Scores. 

The  following  variables  were  found  to  be  significant 
in  developing  propensity  scores  for  the  tranexamic  acid 
group:  admission  date,  nation  status,  systolic  blood  pres¬ 
sure,  Glasgow  Coma  Scale  score,  lower  extremity  in¬ 
jury,  and  prehospital  blood,  fresh  frozen  plasma,  packed 
red  blood  cell,  and  platelet  administration.  The  follow¬ 
ing  were  significant  when  developing  the  cryoprecipi¬ 
tate  group  score:  Injury  Severity  Score,  lower  extremity 
injury,  recombinant  factor  Vila  use,  and  fresh  frozen 
plasma  and  platelet  administration. 

DEMOGRAPHIC,  MECHANISTIC,  AND 

PHYSIOLOGICAL  CHARACTERISTICS 

Unadjusted  univariate  comparison  revealed  similar  distri¬ 
butions  of  age  and  sex  across  the  4  study  groups.  How¬ 
ever,  a  greater  proportion  of  Host  National  patients  re¬ 
ceived  either  tranexamic  acid  in  isolation  or  neither 
treatment.  Additionally,  the  prehospital  use  of  blood  prod¬ 
ucts  by  a  physician-led  retrieval  team  was  also  different 
among  groups.  Specifically,  patients  in  the  no  tranexamic 
acid/cryoprecipitate  group  were  the  least  likely  to  receive 
these  prehospital  interventions.  Furthermore,  patients  in 


the  tranexamic  acid/cryoprecipitate  group  were  more  likely 
to  have  been  involved  in  an  explosive  injury  than  patients 
receiving  neither  therapy.  There  were  also  significant  dif¬ 
ferences  in  admission  physiology  because  patients  in  the 
tranexamic  acid/cryoprecipitate  group  had  a  lower  level  of 
consciousness  and  were  more  hypotensive.  The  least  physi¬ 
ologically  disturbed  group  was  the  no  tranexamic  acid/ 
cryoprecipitate  group.  Postadjustment,  all  parameters  be¬ 
came  statistically  similar  (P  >  .05)  except  for  the  patients 
with  a  reduced  consciousness  level  (Table  1). 

INJURY  CHARACTERISTICS 

Preadjustment,  the  Injury  Severity  Scores  of  the  4  groups 
varied  significantly  (Table  2).  The  most  severely  injured 
patients  were  observed  to  be  in  the  cryoprecipitate  group, 
with  decreasing  injury  severity  in  the  cryoprecipitate/ 
tranexamic  acid,  tranexamic  acid,  and  no  cryoprecipitate/ 
tranexamic  acid  groups,  respectively.  The  main  difference 
in  injury  pattern  was  due  to  a  relatively  small  number  of 
severe  head  injuries,  but  a  large  number  of  severe  extrem¬ 
ity  wounds,  in  the  tranexamic  acid/cryoprecipitate  group. 
The  rate  of  severe  torso  wounding  was  similar  across  all  4 
groups.  Differences  in  the  proportions  of  casualties  in  each 
Injury  Severity  Score  band  remained  statistically  signifi¬ 
cant  after  propensity  adjustment  (P  =  .04),  but  there  were 
no  differences  in  the  mean  Injury  Severity  Score,  or  the  pro¬ 
portion  of  severe  injuries  in  each  body  region,  across  the 
4  cohorts  (Table  2). 

RESUSCITATION  REQUIREMENTS 

Before  adjustment,  patients  in  the  tranexamic  acid/ 
cryoprecipitate  group  required  more  than  4-fold  the  num¬ 
ber  of  units  of  packed  red  blood  cells,  plasma,  and  platelets 
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Table  2.  Comparison  of  Injury  Severity  Scoring  and  Body  Region  Injury  Pattern  Across  All  Groups  Preadjustment  and  Postadjustment 
for  Propensity  Scoring 


No.  (%) 


TXA 

(n  =  148) 

CRYO 
(n  =  168) 

TXA/CRY0 
(n  =  258) 

No  TXA/CRY0 
(n  =  758) 

P  Value3 

P  Value1 

ISS 

ISS,  mean  (SD) 

23.0  (19.2) 

28.3  (15.7) 

26.0(14.9) 

21.2  (18.5) 

<.001 

.22 

ISS  Cat  <16 

60  (41.1) 

27  (16.2) 

45  (17.7) 

330  (44.6) 

<.001 

.04 

ISS  Cat  16-25 

41  (28.1) 

44  (26.3) 

79  (31.1) 

231  (31.2) 

ISS  Cat  26-50 

30  (20.5) 

84  (50.3) 

116(45.7) 

116(15.7) 

ISS  Cat  >50 

15(10.3) 

116(45.7) 

14(5.5) 

63  (8.5) 

Body  region  injuries 

Head  AIS  score  >3 

22  (14.9) 

22  (13.1) 

16(6.2) 

88  (11.6) 

.03 

.12 

Chest  AIS  score  >3 

32  (21.6) 

43  (25.6) 

50(19.4) 

188  (24.8) 

.28 

.82 

Abdomen  AIS  score  >3 

22  (14.9) 

40  (23.8) 

46(17.8) 

118  (15.6) 

.06 

.62 

Extremity  AIS  score  >3 

71  (48.0) 

116  (69.0) 

196  (76.0) 

336  (44.3) 

<.001 

.86 

Abbreviations:  AIS,  Abbreviated  Injury  Scale;  Cat,  category;  CRYO,  cryoprecipitate;  ISS,  Injury  Severity  Score;  TXA,  tranexamic  acid. 
a  Unadjusted  P  values  by  x2  test  for  proportions  or  analysis  of  variance  for  continuous  variables. 

b  Following  propensity  score  adjustment  by  logistic  regression  for  proportions  or  analysis  of  covariance  for  continuous  variables. 


than  patients  in  the  no  tranexamic  acid/cryoprecipitate 
group  (Table  3).  There  was  no  difference  in  the  num¬ 
ber  of  units  of  cryoprecipitate  administered  to  the  cryo¬ 
precipitate  and  tranexamic  acid/cryoprecipitate  groups 
(2.1  and  2.3  U,  respectively;  P  =  .15).  However,  there  was 
a  greater  amount  of  tranexamic  acid  administered  to  pa¬ 
tients  in  the  tranexamic  acid/cryoprecipitate  group  than 
to  patients  in  the  tranexamic  acid  group  (mean,  2.4  and 
1.9  g,  respectively;  P  <  .001)  (Table  3).  Recombinant  fac¬ 
tor  Vila  was  administered  most  frequently  in  the  cryo¬ 
precipitate  and  tranexamic  acid/cryoprecipitate  groups 
and  used  less  frequently  in  the  tranexamic  acid  and  no 
tranexamic  acid/cryoprecipitate  group  (P  <  .001).  Pro¬ 
pensity  scoring  was  able  to  adjust  for  differences  in  the 
number  of  units  of  red  blood  cell  concentrate  and  plasma 
transfused  and  the  dose  of  tranexamic  acid  adminis¬ 
tered,  but  not  the  number  of  units  of  platelets  trans¬ 
fused  or  the  amount  of  recombinant  factor  Vila  admin¬ 
istered  (Table  3). 

INFLUENCE  OF  TRANEXAMIC  ACID  AND 
CRYOPRECIPITATE  ON  MORTALITY 

The  mean  (SD)  follow-up  of  the  cohort  was  13.0  (12.7) 
days.  Mortality  was  highest  in  the  no  tranexamic  acid/ 
cryoprecipitate  group  (23.6%)  and  lowest  in  the  tranex¬ 
amic  acid/cryoprecipitate  group  (11.6%)  (P  =  .001) 
(Figure).  This  difference  persisted  after  propensity  ad¬ 
justment  (Table  1).  The  benefits  of  tranexamic  acid  and 
cryoprecipitate  were  similar;  both  associated  with  an  odds 
ratio  (OR)  of  0.61  and  95%  CIs  of  0.42  to  0.89  and  0.40 
to  0.94,  respectively  (Table  4).  The  effect  of  tranex¬ 
amic  acid  was  not  found  to  interact  with  cryoprecipi¬ 
tate,  as  demonstrated  by  a  synergy  model  (P  =  .21).  A  fur¬ 
ther  model  was  also  developed  to  adjust  for  platelet 
administration:  the  ORs  (95%  Cl)  of  tranexamic  acid  and 
cryoprecipitate  were  0.62  (0.43-0.90)  and  0.59  (0.39- 
0.91),  respectively. 

The  effect  of  tranexamic  acid  and  cryoprecipitate  in 
combination  was  associated  with  an  OR  (95%  Cl)  of  0.34 
(0.20-0.58)  (P  <  .001).  This  did  not  differ  markedly  from 


the  OR  estimated  from  the  independent  additive  model 
(0.61  X  0.61  =  0.37).  This  was  also  the  case  when  ad¬ 
justing  for  platelets  (OR,  0.34;  95%  Cl,  0.20-0.58; 
P<  .001). 


COMMENT 


To  our  knowledge,  this  study  is  the  first  to  report  the  ef¬ 
fect  on  mortality  of  cryoprecipitate  alone  and  in  combi¬ 
nation  with  tranexamic  acid  as  part  of  a  blood  component- 
based  resuscitation  in  trauma.  Despite  a  more  severe 
constellation  of  injuries  and  greater  resuscitation  require¬ 
ments,  patients  who  received  cryoprecipitate  and/or 
tranexamic  acid  had  improved  survival  compared  with 
those  who  received  neither.  The  mortality  benefit  with 
cryoprecipitate  and  tranexamic  acid  was  additive  and 
present  after  propensity  adjustment  to  optimize  the  com¬ 
parability  of  groups.  Findings  from  this  investigation  sug¬ 
gest  that  fibrinogen  replacement  may  be  as  important  as 
the  inhibition  of  fibrinolysis  in  improving  survival  fol¬ 
lowing  wartime  injury. 

The  current  investigation  confirms  and  extends  the 
findings  from  the  CRASH-2  trial14  and  the  MATTERS 
study13  that  tranexamic  acid  is  beneficial  in  trauma.  The 
present  analysis  was  prompted  by  the  finding  in  the 
MATTERS  study  that  those  in  the  tranexamic  acid  co¬ 
hort  also  received  a  greater  volume  of  cryoprecipitate.  By 
using  a  longer  study  period  and  a  greater  number  of  pa¬ 
tients  than  the  MATTERS  study,  a  more  comprehensive 
analysis  of  the  subgroups  receiving  cryoprecipitate  alone 
and  in  combination  with  tranexamic  acid  was  possible. 

Findings  from  this  investigation  substantiate  work  re¬ 
ported  by  Stinger  et  al,18  who  examined  the  effect  of  ex¬ 
ogenous  fibrinogen  in  blood  products  administered  to 
combat  casualties  between  2004  and  2005.  In  that  re¬ 
port,  Stinger  et  al  examined  the  fibrinogen  to  packed  red 
blood  cell  ratio  in  252  casualties  who  received  massive 
transfusion  and  identified  a  50%  relative  reduction  in  mor¬ 
tality  in  those  receiving  a  high  compared  with  a  low  ra¬ 
tio.  From  that  study,  Stinger  et  al  recommended  admin- 
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Table  3.  Comparison  of  Resuscitation  Volumes  Administered  in  First  24  Hours  Across  Groups  Preadjustment  and  Postadjustment 
for  Propensity  Scoring 


No.  (%) 


TXA 

CRYO 

TXA/CRYO 

No  TXA/CRYO 

(n  =  148) 

(n  =  168) 

(n  =  258) 

(n  =  758) 

P  Value3 

P  Value1 

PBRC  administration 

PRBCs,  U,  mean  (SD) 

8.0  (6.2) 

20.1  (16.0) 

22.0  (13.2) 

5.3  (7.9) 

<.001 

.007 

PRBC  Cat  <10 

103  (69.6) 

38  (22.6) 

31  (12.0) 

647  (85.4) 

<.001 

.84 

PRBC  Cat  10-30 

43  (29.1) 

98  (58.3) 

170  (65.9) 

105  (13.9) 

PRBC  Cat  >30 

FFP  administration 

2(1.4) 

32  (19.0) 

57  (22.1) 

6  (0.8) 

FFP,  U,  mean  (SD) 

7.3  (5.3) 

17.8(14.9) 

21.3(12.4) 

3.7  (5.9) 

<.001 

.18 

FFP  Cat  <10 

106  (71.6) 

57  (33.9) 

34  (13.2) 

693  (91.4) 

<.001 

.80 

FFP  Cat  10-30 

42  (28.4) 

87(51.8) 

171  (66.3) 

63  (8.3) 

FFP  Cat  >30 

PLT  administration 

0 

24(1.3) 

53  (20.5) 

2  (0.3) 

PLTs,  U,  mean  (SD) 

0-7  (1.1) 

3.0  (3.4) 

4.0  (3.0) 

0.2  (0.8) 

<.001 

<.001 

PLT  Cat  0 

89  (60.1) 

28  (16.7) 

8(3.1) 

672  (88.7) 

<.001 

.003 

PLT  Cat  1-2 

49  (33.1) 

71  (42.3) 

93  (36.0) 

74  (9.8) 

PLT  Cat  >2 

10(6.8) 

69  (41.1) 

157  (60.9) 

12  (1.6) 

CRYO,  U,  mean  (SD) 

Hemostatic  adjuncts 

NA 

2.1  (1.7) 

2.3  (2.0) 

NA 

.15 

.94 

rFVIIa 

5  (3.4) 

51  (30.4) 

50  (19.4) 

30  (4.0) 

<.001 

<.001 

Dose  of  TXA,  g,  mean  (SD) 

1.9  (0.9) 

NA 

2.4  (1.3) 

NA 

<.001 

.74 

Abbreviations:  Cat,  category;  CRYO,  cryoprecipitate;  FFP,  fresh  frozen  plasma;  NA,  not  applicable;  PLT,  platelet;  PRBC,  packed  red  blood  cell; 
rFVIIa,  recombinant  factor  Vila;  TXA,  tranexamic  acid. 
a  Unadjusted  P  values  by  x2  test  for  proportions  or  analysis  of  variance  for  continuous  variables. 

b  Following  propensity  score  adjustment  by  logistic  regression  for  proportions  or  analysis  of  covariance  for  continuous  variables. 


Figure.  Survival  plot  of  patients  who  received  tranexamic  acid  and 
cryoprecipitate  (TXA/CRYO),  tranexamic  acid  alone  (TXA),  cryoprecipitate 
alone  (CRYO),  or  neither  product  (no  TXA/CRYO)  as  part  of  a 
component-based  hemostatic  resuscitation  following  combat  injury. 

istration  of  250  mg  of  fibrinogen  or  one  15-mL  unit  of 
cryoprecipitate  per  unit  of  packed  red  blood  cells  (fi¬ 
brinogen  to  packed  red  blood  cell  ratio  >  0.2  g)  during 
resuscitation  from  severe  trauma.  However,  the  precise 
dose  of  fibrinogen  in  fresh  frozen  plasma  and  cryopre¬ 
cipitate  is  variable  and  difficult  to  accurately  assess  in  ret¬ 
rospective  studies.29  However,  using  their  method,  the 


Table  4.  Logistic  Regression  Model  From  277  Events 
(in  Hospital  Mortality)  Among  1332  Patients  Adjusted 
by  1  Propensity  Score  for  Treatment  With  CRYO  and  Another 
for  Treatment  With  TXA 


Model 

Treatment 

OR  (95%  Cl) 

P  Value 

Independent  additive 

CRYO 

0.61  (0.40-0.94) 

.02 

TXA 

0.61  (0.42-0.89) 

.01 

TXA/CRYO 

0.38  (0.23-0.62) 

<.001 

Synergy  test3 

CRYO 

0.71  (0.44-1.15) 

.16 

TXA 

0.74  (0.47-1.17) 

.20 

TXA/CRYO 

0.34  (0.20-0.58) 

<.001 

Abbreviations:  CRYO,  cryoprecipitate;  OR,  odds  ratio;  TXA,  tranexamic 
acid. 

a  Interaction  P=  .21. 


crude  fibrinogen  to  red  blood  cell  ratios  of  the  groups  in 
the  current  study  were  tranexamic  acid/cryoprecipitate, 
0.7  g;  cryoprecipitate,  0.66  g;  tranexamic  acid,  0.39  g; 
and  no  tranexamic  acid/cryoprecipitate,  0.29  g. 

Civilian  investigators  have  also  identified  the  impor¬ 
tance  of  fibrinogen  metabolism  in  severely  injured  pa¬ 
tients  noting  that  fibrinogen  is  the  first  to  be  exhausted 
in  trauma  coagulopathy.16  Excess  fibrinolysis  identified 
using  thromboelastography  has  been  noted  to  be  asso¬ 
ciated  with  mortality  rates  between  48%  and  100%. 9-12 
Schochl  et  al19  reported  on  severely  injured  patients  who 
received  fibrinogen  concentrate  based  on  thromboelas¬ 
tography  findings  and  reported  a  50%  reduction  in  ac¬ 
tual,  compared  with  expected,  mortality  using  Trauma 
Related  Injury  Severity  Score  methods.  In  aggregate,  these 
findings  have  prompted  investigators  to  advocate  for  ear- 
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lier  administration  of  fibrinogen  as  part  of  resuscitation 
following  severe  trauma  and  resulted  in  at  least  1  pro¬ 
spective,  randomized  trial  of  the  prehospital  use  of  fi¬ 
brinogen  concentrate.30 

Findings  from  these  studies  point  to  a  mechanistic  pro¬ 
cess  that  includes  maintenance  of  a  fibrinogen  thresh¬ 
old  in  the  acute  setting  following  trauma  and  hemor¬ 
rhage.  One  theory  that  addresses  the  dynamic  nature  of 
fibrinogen  metabolism  in  this  scenario  relates  to  the  ef¬ 
fect  of  relative  hypoxia  on  the  vascular  endothelium  in 
the  setting  of  hemorrhagic  shock.  Brohi  et  al8  and  oth¬ 
ers  have  postulated  that  reduced  oxygen-carrying  capac¬ 
ity  in  the  setting  of  shock  enhances  endothelial  expres¬ 
sion  of  thrombomodulin,  which  results  in  pathological 
activation  of  protein  C,  an  endogenous  anticoagulant.31 
In  addition  to  inhibiting  factors  V  and  VIII,  activated  pro¬ 
tein  C  leads  to  inhibition  and  degradation  of  the  prin¬ 
ciple  inhibitor  of  tissue  plasminogen  activator,  plasmino¬ 
gen  activator  inhibitor- 1.32,33  In  this  setting,  increased 
plasminogen  activity  promotes  fibrinolysis  and  fibrin 
depletion.  The  results  of  the  current  study  extend  the  work 
of  these  investigators,8  suggesting  that  both  early  inhi¬ 
bition  of  fibrinolysis  as  well  as  repletion  of  fibrinogen 
stores  may  have  an  additive  effect  at  reducing  mortality. 

The  potential  mortality  benefit  of  cryoprecipitate  and 
tranexamic  acid  in  the  setting  of  trauma  may  not  be  solely 
related  to  achieving  hemostasis  acutely  following  in¬ 
jury.  This  is  an  important  consideration  because  a  por¬ 
tion  of  the  survival  benefit  of  cryoprecipitate  and  tranex¬ 
amic  acid  is  observed  in  the  days  and  weeks  following 
injury  and  resuscitation  (Figure).  In  this  context,  it  is  plau¬ 
sible  that  the  interaction  and  cross-talk  between  the  co¬ 
agulation  and  inflammatory  pathways  plays  a  role  in  im¬ 
proving  survival.34 

Specifically,  tranexamic  acid  has  a  known  anti¬ 
inflammatory  effect  achieved  in  part  through  the  reduc¬ 
tion  of  circulating  plasmin  levels.35  This  effect  has  been 
reported  extensively  in  the  setting  of  cardiac  surgery  where 
tranexamic  acid  has  been  shown  to  be  associated  with 
decreased  circulating  markers  of  inflammation,  less  ino¬ 
tropic  support,  and  fewer  ventilatory  days.36,37  These  find¬ 
ings  have  led  to  speculation  that  tranexamic  acid- 
related  survival  may  be  due  to  an  attenuated  inflammatory 
response  reducing  organ  failure  and  sepsis. 

In  recent  and  compelling  work,  Cohen  and  col¬ 
leagues30  have  shown  that  activated  protein  C  plays  a  cen¬ 
tral  role  in  delayed  organ  dysfunction  and  death  follow¬ 
ing  severe  trauma.  Findings  from  the  current  study  point 
to  the  possibility  that  stabilization  of  fibrinogen  with  cryo¬ 
precipitate  and  tranexamic  acid  early  after  injury  plays  a 
role  in  mitigating  this  adverse  response  days  and  weeks 
after  injury.  In  this  context,  cryoprecipitate  is  a  com¬ 
plex  preparation  containing  more  than  fibrinogen  alone 
including  some  components,  such  as  fibrinonectin  and 
platelet  microparticles,  that  have  direct  immunomodu¬ 
latory  effects.29 

The  propensity  scoring  method  used  in  this  study  has 
been  able  to  be  adjusted  for  most  known  variables  and 
thus  has  enabled  the  controlled  comparison  of  rela¬ 
tively  heterogeneous  subgroups.  Specifically,  propen¬ 
sity  scoring  was  able  to  control  for  the  majority  of  im¬ 
portant  variables  such  as  injury  severity  and  the 


administration  of  other  fibrinogen-containing  blood  prod¬ 
ucts.  However,  there  are  a  number  of  important  limita¬ 
tions  that  need  to  be  recognized,  specifically  the  areas  of 
prehospital  data  and  the  trends  in  institutional  practice. 

This  study  reports  limited  prehospital  data  but  is  able 
to  identify  patients  retrieved  by  a  physician-led  team  that 
was  able  to  undertake  a  greater  array  of  interventions  in¬ 
cluding  intubation  and  blood  product  administration. 
While  physician-led  retrieval  was  not  identified  as  a  sig¬ 
nificant  parameter  in  the  regression  model  per  se,  it  is 
possible  that  unquantified  interventions  have  subtle  in¬ 
teraction  that  cannot  be  completely  controlled.  For  ex¬ 
ample,  significantly  more  patients  in  the  tranexamic  acid/ 
cryoprecipitate  group  had  a  Glasgow  Coma  Scale  score 
less  than  8;  it  is  conceivable  that  some  patients  under¬ 
went  prehospital  intubation,  artificially  reducing  their  con¬ 
sciousness  level.  In  the  case  of  prehospital  blood  use,  a 
significant  interaction  was  identified  (P  <  .001)  and  con¬ 
trolled  for  postadjustment  (P  =  .88). 

A  further  limitation  relates  to  the  temporal  trend  in  mili¬ 
tary  transfusion  practice  and  institutional  experience  that 
had  undoubtedly  evolved  over  the  study  period.  Date  of 
admission  was  found  to  be  a  significant  parameter  within 
the  regression  analysis  and  was  controlled  for  within  the 
propensity  scores.  This  is  not  surprising  because  the  ad¬ 
ministration  of  cryoprecipitate  and  tranexamic  acid  was  only 
protocolized  in  the  last  18  months  of  the  study.  Although 
date  of  admission  has  been  controlled  for,  there  may  be  other 
unrecognized  temporal  relationships  that  remain  unad¬ 
justed,  influencing  mortality.  However,  it  was  this  varia¬ 
tion  in  practice  that  made  this  study  possible  by  permit¬ 
ting  the  analysis  of  subgroups. 

A  further  assumption  of  this  study  is  that  the  poten¬ 
tial  mortality  benefit  observed  with  cryoprecipitate  re¬ 
lates  strictly  to  fibrinogen.  Although  comprising  mostly 
factor  I,  cryoprecipitate  also  contains  varying  amounts 
of  von  Willebrand  factor  and  factor  VIII,  either  of  which 
may  have  influenced  the  observed  mortality  benefit.29  Fi¬ 
nally,  without  information  pertaining  to  inflammatory 
markers,  organ  dysfunction,  or  cause  of  death,  this  study 
is  not  able  to  draw  a  definite  link  between  fibrinogen  me¬ 
tabolism  and  inflammation.  Despite  these  limitations,  this 
study  provides  new  data  showing  a  survival  benefit  with 
the  use  of  cryoprecipitate  and  tranexamic  acid  in  the  set¬ 
ting  of  trauma  and  provides  a  foundation  for  detailed  study 
of  these  compounds  including  prospective  trials  of  fi¬ 
brinogen  concentrate. 

In  conclusion,  this  study  demonstrates  that  the  ad¬ 
ministration  of  cryoprecipitate  and  tranexamic  acid  may 
improve  the  survival  in  the  seriously  injured  requiring 
transfusion.  The  effect  of  cryoprecipitate  appears  to  be 
additive  to  that  of  tranexamic  acid,  suggesting  that  reple¬ 
tion  of  fibrinogen  may  be  as  important  as  preventing  its 
degradation  in  this  setting.  Additional  study  is  neces¬ 
sary  to  define  the  role  of  fibrinogen  in  resuscitation  from 
hemorrhagic  shock. 
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